Samples of deoxyribonucleic acid (DNA), microsomal ribonucleic acid (RNA) and a neutral polysaccharide from Mycoplasma mycoida var. capri were isolated and analysed. The DNA was found to have an adenine + thyminelguanine +cytosine value of 3.04, and the RNA to have an adenine + uracil/guanine + cytosine value of 1-21.
INTRODUCTION
The information available about the chemical composition of the Mycoplasmatales shows that there was little difference between the strains tested and bacteria except for a lower nucleic acid content (Lynn & Smith, 1957) , the presence of cholesterol (Lynn & Smith, 1960 ; Morowitz et at. 1962) and the evidence presented in a preliminary communication (Jones & Walker, 1963 a) that the deoxyribonucleic acid (DNA) of Mycoplasma mycoides var. capri had an adenine + thyminelguanine + cytosine ratio of 3-00. This is, as far as we are aware, the highest value found for the DNA from any micro-organism. The present communication gives more details about the isolation and analysis of the DNA and describes the isolation and analysis of the RNA and a neutral polysaccharide. The amino acid composition of the total protein of the mycoplasma organism was also determined and compared with the values obtained by Sueoka (1961) for the amino acid content of the protein from several bacteria and a protozoon. Hydrolysis of the polysaccharide. The polysaccharide was hydrolysed for 3 hr at 100' in M-sulphuric acid, and neutralized with barium hydroxide. The monosaccharide components were detected and identified chromatographically.
RESULTS
Growth and harvesting of organisms Growth curves were obtained for the organisms when they were grown in the 'normal' and in the 'dilute' medium. The results showed that maximum opacity of the solution was obtained in the 'normal' medium after incubation for 18 hr, but about 36 hr were needed in the case of the 'dilute 'medium. The maximum opacities reached in the two media were similar and the same yield of organisms was obtained from the same quantity of the two media. The organism was grown in 300mI. medium in a 1 1. bottle which was inoculated with a 48 hr culture (2 ml.) and incubated at 37" for 18 hr in normal medium, or 42 hr in dilute medium. The organisms were harvested at 11,600 rev./min. in a continuous-flow refrigerated centrifuge (Measuring & Scientific Equipment Ltd.). When harvesting the organisms from the dilute medium it was found necessary to cool the suspension to 0" before centrifugation to prevent enzymic degradation of the nucleic acid. This was achieved by passing the suspension through polythene tubing (2000 cm. x 1 cm.) immersed in an ice + salt cooling mixture. No pre-cooling was necessary when the organism was grown in the normal medium.
Isolation of the RNA, D N A and a neutral polysaccharide
The organisms from 20 1. medium were added to a phenol solution saturated with water (100 ml.) and sodium p-aminosalicylate solution (6 yo, w/v; 100 ml.) and the mixture shaken for 1 hr at 4'. The nucleic acids and polysaccharide were precipi-tated from the aqueous layer by the addition of ethanol (3 vol.) and the phenol layer and cell debris were re-extracted with salicylate solution until no more material precipitable with 3 vol. of ethanol was obtained; usually five extractions were necessary. The combined ethanol precipitates were dissolved in water (100 ml.) and centrifuged a t 105,OOOg (Spinco ultracentrifuge) for 30 min. to remove cell debris; the supernatant fluid was then made M with respect to NaCl and allowed to stand at 0' for 18 hr. The precipitate was removed by centrifugation a t 105,OOOg for 30 min., washed with M-NaC1, dissolved in water, dialysed and freeze-dried to give RNA (20 mg., probably microsomal).
To the supernatant fluid from the RNA precipitate, ethanol (3 vol.) was added and the resulting precipitate dissolved in 0.1 hi-NaC1. Cetyltrimethylammonium bromide (CTAB, British Drug Houses Ltd., 5 yo, w/v) was added until precipitation of acidic material was complete and the precipitate centrifuged down. Ethanol (3 vol.) was added to the supernatant fluid to precipitate the neutral polysaccharide, which was centrifuged down, separated and dissolved in water. Contaminating CTAB was removed by shaking with chloroform (3 times), and the aqueous solution dialysed and freeze-dried to give the polysaccharide (3 mg.).
The material precipitated with CTAB was dissolved in M-NaC1 (20 ml.), CTAB added to the solution so that its final concentration was 1 yo (w/v) , and the concentration of the NaCl decreased to 0.6 M by adding water (13.3 ml.), the temperature being kept at about 20'. The cetyltrimethylammonium salt of DNA which precipitated was removed and dissolved in M-NaCl, ethanol (3 vol.) was added and the resulting precipitate was dissolved in water, extracted with chloroform to remove cetyltrimethylammonium salts and the aqueous solution dialysed and freeze-dried to give DNA (16-5 nag.).
Composition of the DNA The DNA was isolated in three separate experiments. The base contents of the samples are shown in Table 1 . The RNA and protein contents of all samples were less than 1 %. Phosphorus content was 8-9 yo (w/w), the nitrogen to phosphorus ratio 1.69 (w/w) and the extinction of a solution containing 1 g. atom phosphorus/l. at pH 7-0 was 7500 at 260 mp. I and XI DNA isolated from organisms grown on 'normal' medium. I11 DNA isolated from organisms grown on 'dilute' medium. Other bases, particularly 5-methylcytosine and &methylaminopurine, were not detected. The amounts were determined from the ultraviolet absorption of the eluate from paper chromatograms after hydrolysis of the DNA in formic acid. The amounts are given in moles base/lOOg. atoms P (corrected to 100 yo recovery of phosphorus; recovery was 90-95 yo). All samples were from organisms grown in the dilute medium. The amounts were determined from the ultraviolet absorption of the eluate from paper chromatograms after hydrolysis of the RNA in hydrochloric acid. The amounts are given in moles base/ 100 g. atoms P (see Table 1 ).
A+U Isolation
Guanine (G) Adenine (A) Cytosine (C) Uracil The protein was hydrolysed with ~N -H C~ in 'oacuo a t 110' for 22 hr. The amino acid composition was analysed by a Technicon Automatic Amino Acid Analyser. The results are expressed in the same form as those quoted by Sueoka (1961) and his values for the amino acid composition of the protein of Tetrahymena pyriformi8 are given for comparison. Molar amounts of amino acids lysine, histidine, arginine, aspartic acid and asparagine, glutamic acid and glutamine, proline, alanine, valine, leucine, tyrosine and phenylalanine, which are known to be stable and to be well recoverable in the analysis, were summed. The other amino acids are classified as unstable amino acids. The amount of each amino acid both stable and unstable is expressed by its proportion to the s u m of the stable amino acids. Composition of the polysaccharide The neutralized hydrolysate of the polysaccharide was added to chromatography papers, which were developed in three solvents. Apart from a trace of D-ribose from contaminating RNA only one spot was detected with the aniline hydrogen phthalate spray for reducing sugars (Partridge, 1949) , and with the silver nitrate spray, which is a non-specific detecting reagent (Trevelyan, Procter & Harrison, 1950) . The R, values of the compound in the solvent systems were : in n-butanol + ethanol + water (4 + 1 +5, by vol.) Rp 0-14 (Rp glucose 0.14); in n-butanolfacetic acid+water The compound and the glucose marker gave identically coloured spots with the two detecting reagents, and the three solvent systems used ensured that all the possible hexoses would be separated.
Isolation of and determination of the amino acid colztent of the protein of Mycoplasma mycoides var. capri Mycoplasma organisms which had been grown in 1 1. dilute medium were removed by centrifugation at 5000g, washed with physiological saline solution (3 times) and added to tris magnesium buffer (10-8 M-tris, M-magnesium; pH 7-3; 10 ml.) and phenol saturated with water (10 ml.). The mixture was shaken for 1 hr, the phenol extracted with ether and the remaining aqueous suspension exhaustively dialysed. The protein suspension (0.5 ml.) was then heated in a sealed tube in vucuo with HC1 (10 N ; 0.5 ml.) a t 110' for 22 hr. The resulting solution was filtered free from carbon, evaporated to dryness, dissolved in HC1 (0.1 N ; 2.5 ml.) and samples (0.25 ml.) taken for amino acid analysis. The results are given in Table 3 ; they are expressed in the same forms as those quoted by Sueoka (1961) and his values for the amino acid composition of the protein of Tetruhymenu pyr$orrnis are given for comparison.
DISCUSSION
In previous cases when base analyses have been quoted for the nucleic acids of the Mycoplasmatales (Lynn & Smith, 1957; Morowitz et al. 1962) , the nucleic acids have either been analysed in the presence of other cellular constituents or degraded samples have been used, It has now been found possible to isolate samples of pure highly polymerized nucleic acids from Mycoplasrna mycoides var. capri.
The expense of the normal medium was too great to allow the organism to be grown in the large volumes required to isolate sufficient nucleic acid to analyse (20 l.), so another (dilute) medium was found which gave the same yield of organkm/l. medium but which contained only 12 yo of the normal brain heart infusion content.
With large volumes (20 1.) it was necessary to cool the suspension of organisms when grown in the dilute medium before centrifugation in order to prevent enzymic degradation during the time taken for the centrifugation. When this precaution was not taken degradation of the DNA occurred, so preventing precipitation of its cetyltrimethylammonium salt in 0.6 M-NaC1 and hence preventing the separation of the DNA from the RNA.
The isolation and separation of the nucleic acids and neutral polysaccharide followed closely the method reported previously for Serratia rnurcescens (Jones & Walker, 19633) . As the Mycoplasmatales have no rigid cell wall the phenol was sufficient to rupture the cells and to liberate the nucleic acids and polysaccharide into the aqueous layer and also to prevent enzymic degradation.
The base analysis of the DNA shows that it contained more adenine and thymine than any bacterial DNA so far analysed. The only DNA to have a comparable base analysis is that from the protozoon, Tetrahymena py&fomis. The A + T/G + C ratio of 3.04 for Mycoplasma mycoides var. cupri P.G. 3 has recently been confirmed by caesium sulphate density centrifugation technique (Dr W. Szybalski, personal communication). As previously remarked (Jones & Walker, 1968a) it is very unlikely that M. mycoides var. capri is an L form of a bacterium the composition of whose DNA is known; the present analysis lends support to the idea that the Mycoplasmatales are a distinct group.
The RNA base analysis shows that the RNA also contained more adenine and uracil than do most RNA's, although the moles of 6-amino bases equal the number of moles of 6-keto bases. Tetrahymena pw@rmis has an RNA with a similar composition (Scherbaum, 1957) . Sueoka (1961) found a correlation between the amino acid content of the proteins and the guanine+cytosine (G+C) content of the bacterial DNA's examined. The values obtained here for the amino acid composition of the protein of Mycoplasma mycoides var. capri agree with the values expected from the curves obtained by Sueoka (1961) and also for those obtained for Tetrahymena pyrijormis, which has a DNA of almost identical base composition. In the list of stable amino acids, all fit the curves as well as or better than the values for T. pyriformis, with the exception of proline. Sueoka (1961) found that the amount of proline decreased with decreasing G + C content. The value obtained in the present work is almost twice the expected proline content of an organism with an extreme G+C-containing DNA. This difference might be attributed to the fact that in the present case the amino acid content of the whole organism was determined, whereas Sueoka used purified fractions and rejected cell wall and possibly cytoplasmic membrane as well. Although M. mycoides var. capri has no cell wall, the membrane constituents would be present, and these might have a high proline content. It is also possible that structures of this type may be produced in a way that does not depend directly on a DNA template (e.g. the capsule of Bacillus anthracis; Salton 1960) .
It is difficult to show correlations between the values obtained for the unstable amino acids since the amounts of these which are present depend to a large extent on the nature of any material contaminating the protein and on the exact conditions of hydrolysis. The amount of glycine observed was rather low, but, since it is known that this amino acid can arise from the degradation of the bases in any contaminating nucleic acids (Fraser, 1957) , no significance can be attached to this. The only other amino acid content to differ significantly from that in bacteria was that of cysteine, which is usually not detectable but was present in quite large amounts in the protein of M. mycoides var. capri.
The polysaccharide of a bovine pleuropneumonia-like organism was investigated by Plackett & Buttery (1958) , who found a galactan comprising about 10 yo of the dry weight of the organism. No evidence for the presence of galactose or any other sugar apart from glucose was found in the neutral polysaccharide fraction of M. mycoides var. cupi examined in the present work and this polysaccharide only comprised about 0-5 yo of the dry weight of the organisms.
